Preeclampsia is a major cause of maternal and fetal morbidity and mortality. The imbalance of anti-angiogenic and angiogenic factors plays a role in endothelial dysfunction in preeclampsia. L-arginine is expected to improve the process of spiral artery remodeling. This study aims to examine the use of L-arginine to repair endothelial damage by measuring the thickness of uterine spiral arteries in mouse (Mus musculus) models of preeclampsia.
INTRODUCTION
Given the fact that the exact cause of preeclampsia remains unclear, its prevention in high-risk women is still unsatisfactory. Currently, preeclampsia is a major cause of high maternal and perinatal morbidity and mortality, especially in developing countries. Preeclampsia affects approximately 2-8% of all pregnant women around the world.
(1) Hypertension, including preeclampsia, is being found in an increasing number of pregnant women and is becoming one of the most common medical complications in pregnancy. Approximately 70% of women diagnosed with hypertension are affected by preeclampsia. (2, 3) Complications of the disease cause about 50,000 maternal deaths each year. In developing countries, maternal mortality rates reach 15% compared to 0-1.8% in developed countries, due to limited access to maternal health care in the former. (4) In Indonesia, the complications of preeclampsia account for approximately 30-40% of maternal deaths and about 30-50% of all perinatal deaths. In 2008, there were 37 cases of preeclampsia (out of 1956 deliveries) in Dr. Moewardi General Hospital in Surakarta with the maternal mortality rate at about 67.6%. (5) L-arginine is expected to play a role in preeclampsia prevention by relieving its systemic symptoms. (6, 7) The exact mechanism of Larginine in reducing and preventing the incidence of preeclampsia remains unknown. L-arginine allegedly improves the uterine spiral arteries' remodeling processes, which are impaired in preeclampsia. According to Ekambaram (8) and Stuehr, (9) L-arginine has a role in the pathway of L-arginine-nitric oxide. Impaired endothelium-dependent responses have been reported in isolated blood vessels of women with preeclampsia. (10, 11) This finding suggests that impaired production of endothelial nitric oxide (NO) may play an important role in mediating the pathophysiological process of preeclampsia. Given the ethical problems, it is impossible to conduct research using human uterus during the first trimester of pregnancy. In a rat model of preeclampsia, L-arginine, a substrate of NO synthase enzymes, was shown to decrease blood pressure. (12) Human data are controversial as far as the efficacy of L-arginine supplementation in ameliorating hypertension in pregnancy is concerned. A study of randomized placebocontrolled design has demonstrated that a short term IV infusion of L-arginine can significantly reduce blood pressure. (13) Other placebo controlled trials have not shown an improvement in blood pressure with oral L-arginine supplementation, (14) but suggest an improvement in fetal outcomes. (15) In the present research, the authors decided to investigate the abovementioned problem in the laboratory mouse (Mus musculus) because of its ability to adapt to the laboratory environment as well as its genetic resemblance to humans, which can be used as a comparison of preeclampsia in human pregnancies. This study aims to evaluate the effect of L-arginine to repair the damage of endothelial spiral arteries that undergo intima tunica hyperplasia and atherosis in a mouse model of preeclampsia.
METHODS

Research design
An experimental study, based on post-test control group design, conducted at the Faculty of Veterinary Medicine, Airlangga University, Surabaya from November 2016 to January 2017.
Research subjects
The researchers carried out the study using 30 sixteen-day old pregnant Swiss mice, which were randomly divided into 3 groups (each consisting of 10 mice). The groups were as follows: normal pregnancy K(-); preeclampsia model K(+); and preeclampsia model receiving L-arginine (P). The laboratory technicians performed histopathological examination of the mouse placenta, which had been dissected, embedded in paraffin wax and subsequently stained with hematoxylin and eosin (HE). The researchers' goal was to examine differences in histopathological findings in uterine spiral arteries and subsequently compare the results in these groups. The inclusion criteria were as follows: animals in good health; 3 months old, and weighing approx. 20-25 grams. The exclusion criterion was death of an animal during the research. The mice (Mus musculus, Swiss strain) were obtained from Pusat Veterinaria Farma in Surabaya.
Experimental treatments
At the beginning of the study, the researchers synchronized the estrus of all female mice by injecting them with 5 IU pregnant mare serum gonadotropin (PMSG). After 48 hours, the researchers injected them with 5 IU human chorionic gonadotropin (HCG), and then mated the mice with male mice (7 months old and weighing approx. 60 grams). The diagnosis of pregnancy was expected about 17 hours after mating with the presence of copulatory plugs.
The researchers injected the K (+) and (P) groups with 10 ng of anti-Qa2 intraperitoneally (IP) from the first day until the 4 th day of pregnancy in order to establish preeclampsia models in accordance with the method designed by Sulistyowati et al. (16) Furthermore, the (P) group was given L-arginine 200 mg/kgBW/day orally using a gastric tube, on days 7-15 of pregnancy.
Preparation of the placental tissue
On the 16 th day of pregnancy, the researchers performed dissection in the three groups in order to examine placental tissue samples, which were embedded in paraffin wax, stained with hematoxylin eosin (HE), and viewed under the microscope at 400 x magnification. The reason for dissection and the preparation of slides on the 16 th day of pregnancy is that this is assumed to correspond to the second trimester of pregnancy in humans, where the manifestations of preeclampsia arise. The assessed parameter was the thickness of the spiral artery walls (in micrometers, µm).
Data analysis
The results of the research have been analysed in SPSS v. 21 for Windows using MannWhitney test with a significance level of 0.05 (confidence interval 95%).
Ethical clearance
The study has been approved by the research ethics commission of the Faculty of Veterinary Medicine, Airlangga University, Surabaya (Ref.
no. 648-KE).
RESULTS
The core tunica spiral artery thickness in normal pregnant mouse group K(-) was less than that in the preeclampsia model K(+). Furthermore, the researchers found out that the spiral artery thickness was reduced whereas its diameter was increased in the preclampsia model (P), which received L-arginine treatment, in comparison to the preeclampsia model group K(+) (Figures 1-3) .
The mean thickness of the spiral artery wall in group K(+) is (96.50 ± 16.66 µm), higher than in the preeclampsia group P (62.79 ± 8.04 µm) and group K(-) (53.95 ± 26.96 µm). The ANOVA test result shows a significant difference in the mean thickness of the spiral artery wall in the three groups (p=0.001). Based on the result of Tukey's multiple comparison test, it is shown that the mean thickness of the spiral artery wall in group K(+) is significantly different from group K(-) (p=0.024) and from the preeclampsia group P (p=0.004). The mean thickness of the spiral artery wall in group K(-) is not different from the preeclampsia group P (p=0.062) ( Table 1) .
DISCUSSION
In preeclampsia, placental hypoperfusion results in severe stenosis and occlusion of the spiral arteries which affect the syncytial node of the placenta and lead to increased numbers of cytotrophoblasts; changes to the villous vascularization; calcification; obliterating endarteritis, atherosis, infarction, thrombosis and necrosis. Blood vessel abnormalities affect blood flow in preeclampsia because spiral arteries are the arteries that supply the intervillous space. Reduced blood flow in the intervillous space causes hypoxia, which can lead to obliterating endarteritis due to reduced supply of oxygen to the blood vessels, especially the arterioles. Consequently, the smooth muscle cells of the tunica media migrate to the tunica intima and undergo a proliferation characterized by thickening of the tunica intima and, in turn, narrowing of the blood vessels. (17) In this research, the mean spiral artery thickness in the preeclampsia mouse model group was greater than normal and less than in the group treated with L-arginine, with the differences being statistically significant. However, there was no significant difference in the spiral artery thickness in normal pregnancies compared to the preeclampsia group treated with L-arginine, which means that the L-arginine treatment was effective in reducing the spiral artery thickness and increasing its diameter.
L-arginine acts as a precursor of nitric oxide and is converted to nitric oxide (NO) and Lcitrulline by nitric oxide synthase (NOS) and can prevent the occurrence of preeclampsia. A study showed that dietary supplementation with a combination of L-arginine and antioxidants was associated with a significant reduction in the incidence of preeclampsia, compared with Table 1 . Mean spiral artery thickness by treatment groups K(-)=normal; K (+)=preeclampsia; P=preeclampsia + L-arginine antioxidants alone and with placebo. (18, 19) Given that L-arginine is widely available as a dietary supplement, L-arginine can be viewed as potential therapy to prevent preeclampsia. (2, 20, 21) According to the studies conducted by Han et al. (22) and Li et al., (23) the concentration of Larginine is significantly reduced in women with pre-eclampsia compared to normal pregnancies. Studies on animal models show that the Larginine-NO system undergoes dysregulation during pregnancy. (24, 25) Hypertension, proteinuria, intra-uterine growth restriction (IUGR) and glomerular damage may occur due to inhibition of NO synthesis. Therefore, hypertension caused by inhibition of NO synthesis may be treated by supplementation with L-arginine. (26, 27) Furthermore, given the fact that oxidative stress may play a key role in the development of endothelial dysfunction and preeclampsia in human pregnancies, the administration of Larginine may improve uteroplacental circulation and reduce maternal blood pressure. (4, 22, 28) However, this study had limitations such as the blood pressure and urinary protein of the test animals could not be determined due to lack of equipment. Therefore, the preeclamptic state of the mice was determined based on the instructions listed in the report of Sulistyowati et al. (16) Larginine has been found to be a potentially novel therapy for hypertension in pregnancy in order to prevent the incidence of preeclampsia in women at high risk for the disease. It is suggested that further research are conducted on the use of Larginine in women at high risk for preeclampsia.
CONCLUSIONS
The research has proved that L-arginine is effective in repairing endothelial damage by reducing the thickness of the uterine spiral arteries and, in turn, tunica intima hyperplasia and atherosis in a mouse model of preeclampsia. Larginine may become a new treatment option for hypertension in pregnancy and the prevention of preeclampsia in high-risk women.
